ABSTRACT Background: Birth size has been shown to be related to maternal fish intake, although the results are inconsistent. Objective: The objective was to assess the association of consumption of different types of fish and prenatal mercury exposure with birth weight, birth length, and classification as small for gestational age (SGA) in newborns. Design: Cord blood total mercury was measured in 554 newborns in a population-based cohort born from 2004 to 2006. Fish consumption was classified in 4 frequency categories (,1 portion/mo, 1-3 portions/mo, 1 portion/wk, and 2 portions/wk). Results: When multivariate models were adjusted, newborns in the higher quartile of total mercury weighed 143.7 g less (95% CI: 2251.8, 235.6; P for trend = 0.02) and had higher odds of being SGA for length (odds ratio: 5.3; 95% CI: 1.2, 23.9; P from likelihood ratio test = 0.03) without a linear relation (P for trend = 0.13) compared with those in the lowest quartile. Mothers consuming 2 portions/wk of canned tuna had newborns who weighed more than those who consumed ,1 portion/mo (P for trend = 0.03) and a lower risk of having infants who were SGA for weight (P for trend = 0.01). Consumption of 2 portions/wk of large oily fish was associated with a higher risk of being SGA for weight and consumption of lean fish with a lower risk of being SGA for length compared with the consumption of ,1 portion/mo, but in neither case was there a linear relation (P for trend .0.05). Conclusions: The role of fish in fetal growth depends on the amount and type of fish consumed. The findings for mercury warrant further investigation in other settings.
INTRODUCTION
Fish consumption during pregnancy has been shown to be associated with positive and negative effects on reproductive outcomes and remains a matter of debate (1) . Fish is the main source of x-3 (n23) fatty acids, which are essential for fetal visual and neurologic development. Consumption of 1-2 servings fish/wk is recommended to provide '200 mg longchain marine x-3 fatty acids/d, mainly docosahexaenoic acid (DHA), as part of a healthy diet for pregnant women (2) . The x-3 fatty acids are involved in placental flow and the process of parturition, and their intake during pregnancy is related to fetal growth and longer gestation (3) . However, fish is also the main route of exposure to pollutants such as mercury and polychlorinated biphenyls (PCBs), which mainly accumulate in large predators. Therefore, in some countries pregnant women are advised to limit the amount and to carefully select the type of fish that they eat (4, 5) . These recommendations are intended to provide enough DHA to the fetus while protecting the developing nervous system from mercury neurotoxicity (6) .
Both positive (7) and inverse associations (8) between fish consumption and birth size have been found in observational studies in communities with moderate fish consumption. One study considered the type of fish and found an inverse association between fatty fish but not lean fish and fetal growth (9) . Studies of the association between mercury exposure and birth size have thus far found no effect (10) (11) (12) . Suboptimal fetal growth has been adversely associated with further neurodevelopment in childhood (13, 14) and even with an increased risk of chronic diseases in adulthood, such as metabolic syndrome (15) .
As part of a prospective multicenter Spanish study-the INMA [INfancia y Medio Ambiente (Environment and Childhood)] project-the purpose of the present study was to examine the effect of the different types of fish consumed in late pregnancy on prenatal mercury exposure and to assess the association of the type of fish consumed and corresponding mercury exposure with anthropometric measures at birth in infants in the INMAValencia cohort.
SUBJECTS AND METHODS

Population and study design
Singleton live-born infants of mothers enrolled in the INMA Valencia cohort and born in the Hospital La Fe of Valencia were selected. Of the 787 infants born from May 2004 to February 2006, a total of 554 for whom samples of cord blood were available were included in this study. The mother's recruitment and follow-up procedures were described previously (16) . The mothers completed a detailed questionnaire about sociodemographic characteristics and lifestyle variables and a foodfrequency questionnaire (FFQ). The questionnaires were administered during in-person interviews. The mothers signed an informed consent form. The study was approved by the hospital ethical committee.
Exposure assessment
Fish intake was assessed by means of a semiquantitative FFQ of 100 items, which was administered twice during pregnancy. The first FFQ at 10-13 wk of gestation covered intakes since the last menstrual period, and the second FFQ at 28-32 wk covered the period elapsed since the first FFQ was administered. The FFQ had 9 possible responses, ranging from "never or less than once per month" to "6 or more per day," and included 7 questions about fish intake (mixed fried fish, lean fish, large oily fish, small oily fish, canned tuna fish, canned sardine or mackerel, and dry or smoked fish). A commonly used serving size was specified for each food item in the FFQ. The response to each fish item was converted to average daily intakes in grams; the average daily intakes for each fish item were then summed to compute the total fish intake. The FFQ was a modified version of the Harvard questionnaire, which was previously adapted and validated in adult Spanish populations (17) (18) (19) .
For analysis, we used the dietary data from the third-trimester FFQ that covered the average consumption during the second and part of the third trimester, up to 28-32 wk. Total fish consumption (in g/d) was categorized in quintiles to account for a nonlinear relation. The fish groups to be considered in the analysis were chosen according to their frequency of consumption in the cohort, their significant association with the birth outcomes, and following the US Environmental Protection Agency recommendations for fish consumption during pregnancy (4) . These fish groups were as follows: canned tuna, lean fish (hake, sole, and gilthead), large oily fish (swordfish, bonito, and fresh tuna), and other fish items (sum of mixed fried fish, small oily fish, canned sardine or mackerel, dry or smoked fish). Canned tuna was considered separately because of the current debate about its mercury content (20) (21) (22) . Each fish group was categorized according to its frequency of consumption (,1 portion/mo, 1-3 portions/mo, 1 portion/wk, 2 portions/wk).
Whole-blood samples were collected by using venipuncture samples of cord vessels before the placenta was delivered. Samples were processed, separated into 1-mL aliquots, and then frozen to 280°C until analyzed. The total mercury (T-Hg) concentration in cord blood was determined by atomic absorption spectrometry with thermal decomposition and amalgamation by using a single-purpose mercury analyzer [AMA-254; manufactured by Altec (Prague, Czech Republic) and marketed by LECO (St Joseph, MI)]. Replicate analyses of 100 lL cord blood were conducted for each sample, and the limit of determination (LOD) of the procedure was 2.0 lg/L. For internal quality control of the analytic method, certified standard samples of whole blood (Seronorm TM Elements, Billingstad, Norway) were used. For measurements below the limit of determination, we used LOD/O2 to impute a value. We used total mercury as a reliable measure of methylmercury because it has been reported that when total mercury concentrations rise, ie, to .4 lg/L, methylmercury accounts for '90% of total mercury (23) .
Birth outcomes
Anthropometric measures at birth were obtained from the hospital delivery records. Gestational age was established on the basis of the date of the last menstrual period (LMP) self-reported by the mothers. However, in the case of discrepancy between LMP and an early ultrasound measurement of 7 d, the latter was used to determine gestational age. This occurred in 12.5% of the cases. Birth weight (in g) and birth length (in cm) were adjusted for gestational age in each sex group by using the residuals method. Newborns with a birth weight and length below the 10th percentile according to Spanish population reference growth charts for sex and gestational age (24) were classified as being small for gestational age (SGA) for weight or length.
Covariates
Covariates were categorized as follows: age (,25, FISH CONSUMPTION, MERCURY EXPOSURE, AND BIRTH SIZE 28-32 wk (yes or no), mean vegetable intake (in quintiles), mean energy intake (in quintiles), mean caffeine intake (0 100, .100 to ,200, or 200 mg/d), and mean alcohol intake (0, 0-1, or .1 g/d). Parental height variables were used in the continuous form (cm).
Statistical analysis
Unpaired Student's t tests and one-factor analysis of variance were used to compare the means of continuous variables and chi-square tests for categorical variables. We performed an analysis of covariance to compare means of T-Hg according to the frequency of one type of fish consumption, controlling for differences in covariates as well as the other fish groups considered in the analysis. T-Hg was log transformed to improve normality. Multiple linear regression was used to analyze continuous birth outcomes, and logistic regression was used to analyze dichotomous birth outcomes. Covariates considered in the analysis were the infant or maternal characteristics related to cord blood mercury concentrations or to maternal fish consumption. We also considered the parental characteristics previously found to be associated with the birth outcomes in our cohort in a study assessing the relation between intake of fruit and vegetables and anthropometric measures at birth, as covariates (26) . We fitted the models using a backward regression; cord blood mercury concentrations (in quartiles) and the fish groups were included in the same model together with all the covariates. A covariate was retained in the model if it was related to the outcome by using a likelihood ratio test (LRT) with a significance level of ,0.1, with the exception of maternal age and energy intake, which were forced to enter into the models. The linear trend was evaluated by modeling categorical consumption variables as ordinal variables in the model. The estimates of the effect were considered significant when P , 0.05. Statistical analysis was performed with the SPSS statistical software package for Windows (version 15; SPSS Inc, Chicago, IL) or the STATA statistical software package (version 9; StataCorp, College Station, TX). All tests were 2-sided.
RESULTS
Selected maternal characteristics are shown in Table 1 . Mean (6SD) maternal age was 30.1 6 4.6 y, and prepregnancy BMI was 23.9 6 4.6. Mothers from other countries of origin accounted for 11.3% of the study population. A large proportion of pregnant women smoked during pregnancy (22%). The mean (6SD) daily seafood consumption was 65 6 39 g/d, and total fish consumption was 55 6 36 g/d. Concerning maternal characteristics according to quintiles of fish consumption, older mothers were more likely to be in the higher quintiles of fish consumption and mothers who conceived in spring (ie, gave birth in winter) less likely. The remaining maternal characteristics were not related to fish consumption. The mean (6SD) birth weight of the study population was 3273 6 487 g, and birth length was 50.3 6 2.2 cm. Overall, 10.5% of the newborns were SGA for weight and 5.4% SGA for length. Parental characteristics associated with birth outcomes have been fully described in a previous article (26) . Newborns with available cord blood samples tended to weigh 61.4 g more (t test, P = 0.07) and to be 0.3 cm taller (t test, P = 0.07) than those without samples. There were no differences in the frequency of SGA weight or length. Mothers with and without samples had similar total fish intakes (t test, P = 0.72).
T-Hg was detected in cord blood in 96% of the cases. The geometric mean concentration of T-Hg was 9.4 lg/L (95% CI: 8.8, 10.2), and 72% of newborns had concentrations .5.8 lg/Lthe current reference dose used by the US EPA (27) . When we applied a factor of 0.9 to the T-Hg concentrations found to account for their equivalent in methylmercury, 69% of newborns were still above the reference dose. Concerning consumption of the different fish groups, lean fish was the most frequently consumed (30% of the total fish consumption), followed by canned tuna (22.5%) and large oily fish (17.5%) and other fish (30%). Only 1.6% of mothers never or rarely consumed fish (less than once a month). On multivariate analysis ( Table 2) , higher T-Hg concentrations in cord blood were associated with maternal consumption of particular types of fish. Increasing intakes of canned tuna, lean fish, and large oily fish by pregnant women was associated with increasing concentrations of T-Hg in cord blood. Mothers who completed secondary school education, mothers of Spanish origin, and those who conceived in autumn or winter had higher mercury concentrations. The variable "maternal metallic dental fillings" lost its statistical significance when adjusted simultaneously for the fish groups and other covariates (data not shown); therefore, it was eliminated from the analysis. The results were of similar magnitude and in the same direction as in a previous study with a subsample of the study population (28) . On multivariate analysis, adjusted birth weight decreased with increasing T-Hg exposure ( Table 3) . Newborns in the highest quartile of cord blood T-Hg weighed on average 143.7 g less (95% CI: 2251.8, 235.6) than those in the first quartile; the association was also negative for the other 2 quartiles (P for trend = 0.02). The mothers who reported consuming 2 servings canned tuna/wk delivered newborns that weighed on average 116.4 g more (95% CI: 2.8, 230.0) that those of women who rarely or never consumed canned tuna, and there was a significant linear relation (P for trend = 0.03). A marginal association based on the LRT was found between prenatal T-Hg exposure and adjusted birth length, whereas none of the fish groups were associated with adjusted birth length ( Table 4) .
Prenatal exposure to T-Hg was not associated with the risk of being SGA for weight ( Table 5) . Women in the highest category of canned tuna consumption had a lower risk of having an SGA for weight infant than did those in the lowest category [odds ratio (OR): 0.3; 95% CI: 0.1, 0.8], and there was a significant linear relation (P for trend = 0.01). Mothers who consumed 2 portions of lean fish/wk had a lower risk of SGA for weight infants than did those who consumed lean fish rarely or never (OR: 0.3; 95% CI: 0.1, 1.0), although this association was only marginally significant (LRT, P = 0.09) and there was no linear relation (P for trend = 0.18). Women who consumed 2 portions of large oily fish/wk had a significantly higher risk of SGA for weight than did those who rarely or never consumed large oily fish (OR: 4.6; 95% CI: 1.4, 15.4), with a significant LRT (P = 0.03) but no linear relation (P for trend = 0.27).
Women in the second and fourth quartiles of T-Hg exposure had an increased likelihood of having an SGA for length infant, with ORs of 4.0 (95% CI: 1.1, 15.0) and 5.3 (95% CI: 1.2, 23.9), respectively (LRT, P = 0.03) but there was no linear relation (P for trend = 0.13) ( Table 6 ). Women consuming 2 portions lean fish/wk had a lower risk of having an SGA for length infant than did those who never or rarely consumed lean fish (OR: 0.1; 95% CI: 0.0, 0.6). No association was found between consumption of canned tuna or consumption of large oily fish and SGA for length.
DISCUSSION
In this cohort of pregnant women in Spain, prenatal exposure to T-Hg and the mother's consumption of large oily fish were adversely associated with some birth outcomes, whereas consumption of canned tuna and lean fish was positively associated. Higher cord blood concentrations of T-Hg were associated with reduced birth weight and, to a lesser extent, with reduced birth length. Higher T-Hg was also associated with an increased risk of being born SGA for length but not SGA for weight. Higher consumption of canned tuna by mothers was associated with higher birth weight and a lower risk of having an infant who is SGA for weight. Higher consumption of lean fish was associated with a decreased risk of SGA for length, whereas higher consumption of large oily fish was associated with an increased risk of SGA for weight. We assessed all the associations simultaneously adjusting for T-Hg exposure and the most frequently consumed fish, and taking into account other covariates as well as the sum of the other fish consumed. In a cohort of pregnant women in southwest England, a decreased risk of intrauterine growth retardation (defined as birth weight adjusted for gestational age below the 10th percentile) with increased fish intake (lean and oily fish) was found, with an OR of 1.85 (95% CI: 1.44, 2.38), for women in the lowest category of fish consumption compared with women in the highest category (7); mean daily fish intake was 32.8 g/d. Nevertheless, in a study of pregnant women in the United States (8) , an inverse association was found between seafood consumption assessed at the first and second trimesters and birth weight and fetal growth z value, although it was statistically significant only for the first-trimester intake; no effect was found on the risk of being born SGA. In our study, although no effect was found for total fish (data not shown), we found some significant effects on adjusted birth weight and on the risk of being SGA for weight or length when we considered specific fish groups instead of total fish consumption. In Denmark (9), women consuming .60 g fatty fish/d (the highest category) had a higher risk of having infants with a birth weight below the 10th percentile than did those whose fish consumption was ,5 g/d (the lowest category); a small decrease in mean birth weight was also observed. This inverse association was explained by consumption of fatty fish (salmon, herring, mackerel, trout, and Greenland halibut). We found large oily fish (swordfish, bonito, and fresh tuna) to be adversely associated with some birth outcomes, whereas small oily fish (mackerel, anchovy, salmon, and sardine) was not (data not shown). In our study population, large oily fish was the third type of fish most consumed (17.5% of the total). The negative estimates persisted even when adjusted for T-Hg exposure, probably because of other unmeasured pollutants such as organochlorine compounds that accumulate in the fat tissues of large fish and have been related to reduced fetal growth in some studies (29, 30) . In a recent article by Halldorsson et al (31) in the Danish Birth Cohort, an inverse association between maternal plasma PCB concentrations and fetal growth was found, which supported their previous finding of the adverse association between fatty fish intake and fetal growth (9) . The differences in birth outcome found between lean and large oily fish in our study were probably due to the balance between beneficial nutrients, mainly DHA, and pollutants present in each meal (32, 33) . The aforementioned birth cohorts did not control for mercury and type of fish in their analysis, and this lack of adjustment may be responsible for the inconsistencies found in their results.
To the best of our knowledge, no study has found an adverse effect of mercury on birth outcomes. It was suggested by Foldspang and Hansen in 1990 (34) , but later refuted when data were reanalyzed (10) . All studies that have investigated mercury exposure to date were conducted in communities with a very high fish consumption, although they did not adjust for specific types of fish in the analysis (10) (11) (12) . A recent article on the effects of the World Trade Center disaster on pregnant women, with median cord blood concentrations of T-Hg of 4.3 lg/L and 32% of newborns with concentrations .5.8 lg/L, found no significant association with newborn size (35) ; however, the authors did not consider consumption of different types of fishes either. In the present cohort, a high proportion (72%) of newborns (69% if we apply the conversion factor) had cord blood mercury concentrations above the EPA reference dose. These findings have been fully described in our previous study on prenatal mercury exposure in a subsample (28) .
The long-chain x-3 fatty acids provided by fish may promote fetal growth by raising the ratio of active prostaglandins to thromboxanes, thus reducing blood viscosity by inhibiting platelet aggregation and producing dilatation of placental blood vessels (3, 36) . On the other hand, methylmercury has the opposite effects on platelet aggregation and thromboxane production (37, 38) , and it was shown in one study to be related to preterm birth (39) . Methylmercury also produces inhibition of the antioxidant systems and stimulate the production of free radicals (40) , which in turn can adversely affect fetal growth (41) . Fish also provides other nutrients, such as iodine or proteins, that are beneficial for growth and development. It is therefore reasonable to presume that depending on the type and amount of fish consumed and its content in nutrients and toxicants, the health effect of a given type of fish will vary.
Our study had many strengths. Data were collected prospectively, and detailed information was obtained by in-person interviews. Information regarding fish intake was collected in a manner that allowed us to separate the effects of large oily fish and small oily fish, because it is known that big predators (swordfish and tuna) contain more mercury because of accumulation and biomagnification (42) . We also included a biomarker of mercury exposure, allowing us to separate the effect of this pollutant from those of the beneficial nutrients contained in fish.
However, our study also has some limitations. Our sample size was limited by the availability of cord blood samples, and in dichotomous outcomes we must be cautious when interpreting the magnitude of the estimates due to the large CIs, although the direction of the association was corroborated by the continuous outcomes. Neither can we disregard some unmeasured confounders, although fish consumption did not appear to be related to maternal characteristics or habits, except for the age and season of conception. Moreover, at the time of this analysis, we did not have results for exposures of other chemicals, such as PCBs, which have also been shown to be associated with birth size. Diet was evaluated by means of an FFQ that was validated in an adult population in the study area; however, it was not validated in the study population (18) . It is possible that there may have been some misclassification of fish types, but, if so, it should have been nondifferential.
The findings from this study suggest that maternal fish consumption plays a different role in fetal growth depending on the amount and type of fish consumed. The potential effects of fish consumption on fetal growth should be taken into account when recommending fish consumption to pregnant women or those of childbearing age. The inverse association between prenatal mercury exposure and birth size and the underlying biologic mechanisms warrant further investigation.
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